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FIG. 2 (PRIOR ART)
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FIG. 7
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OUTPUT DRIVER CIRCUITS HAVING
PROGRAMMABLE PULL-UP AND PULL-
DOWN CAPABILITY FOR DRIVING
VARIABLE LOADS

FIELD OF THE INVENTION

The present invention relates to integrated circuit devices,
and more particularly to integrated circuit devices having
output driver circuits therein.

BACKGROUND OF THE INVENTION

Integrated circuit devices may contain specialized output
driver circuits therein for driving external devices when the
loads associated with the external devices are appreciable.
Referring now to FIG. 1, an integrated circuit device may
also be provided having a plurality of memory modules 111,
113, 115 and 117 therein which are electrically coupled to a
data bus (DATA), a command bus (CMD) and a chip select
(CS) signal line. Each memory module may itself be com-
prised of a plurality of memory devices 101, 103, 105 and
107. As will be understood by those skilled 1n the art, an
increase 1n the number of memory modules on an integrated
circuit system board may lead to unbalanced loading on the
memory modules. Such unbalanced loading may be caused
by the unequal lengths 1n the signal lines connected to the
modules and may result in clock skew which limits high
frequency performance.

FIG. 2 1illustrates a conventional output driver circuit
which comprises a PMOS pull-up transistor P1 and an
NMOS pull-down transistor N1, connected as illustrated. As
will be understood by those skilled 1n the art, application of
logic 0 signals as DOKP and DOKN to the gates of the
PMOS pull-up transistor P1 and NMOS pull-down transistor
N1 will cause the output DOUT to be pulled to VCC.
Similarly, application of logic 1 signals as DOKP and
DOKN to the gates of the PMOS pull-up transistor P1 and
NMOS pull-down transistor N1 will cause the output DOUT
to be pulled to VSS. Finally, simultaneous application of a
logic 1 signal as DOKP to the gate of the PMOS pull-up
transistor P1 and a logic 0 signal as DOKN to the gate of the
NMOS pull-down transistor N1 will cause the output DOUT
to float mm a high impedance state.

FIG. 3 1llustrates another conventional output driver cir-
cuit which comprises an NMOS pull-up transistor N2 and an
NMOS pull-down transistor N3, connected as illustrated. As
will be understood by those skilled 1n the art, application of
logic 1 and logic 0 signals as DOKP and DOKN,
respectively, will cause the output DOUT to be pulled to
VCC. Similarly, application of logic 0 and logic 1 signals as
DOKP and DOKN, respectively, will cause the output
DOUT to be pulled to VSS. Finally, simultaneous applica-
tion of logic 0 signals as DOKP and DOKN will cause the

output DOUT to float in a high impedance state.

Unfortunately, the driving capability of the circuits of
FIG. 2 and 3, which 1s a function of the sizes of the pull-up
and pull-down transistors, 1s fixed and typically cannot be
varied 1n response to dynamic or static variations in loading.
Thus, notwithstanding these conventional driver circuits,
there continues to be a need for improved driver circuits
which account for variations in loading.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to provide
improved driver circuits and integrated circuit devices con-
taining 1mproved driver circuits therein.
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It 1s another object of the present invention to provide
driver circuits which can account for variations in loading.

These and other objects, features and advantages of the
present invention are provided by output drivers which
contain a plurality of driver circuits therein that are com-
monly connected to an output line to be driven and can be
selectively enabled or disabled to increase or decrease drive
capability, respectively. Driver circuits according to an

embodiment of the present invention include first and sec-
ond control signal lines (e.g., MRS1, MRS2), a first pull-

up/pull-down driver circuit having first and second data
inputs, a first control mput electrically coupled to the first
control signal line (e.g., MRS1) and a second control input,
and a second pull-up/pull-down driver circuit having first
and second data inputs electrically coupled to the first and
seccond data inputs of the first pull-up/pull-down driver
circuit, respectively, a first control mput electrically coupled
to the second control signal line (e.g., MRS2) and a second

control mput. First and second complementary control sig-
nals lines (e.g., MRS1, MRS2) are also preferably provided
and the second control 1inputs of the first pull-up/pull-down
driver circuit and second pull-up/pull-down driver circuit are
clectrically coupled to the first and second complementary
control signal lines, respectively. These control signal lines

and complementary control signal lines can be used to
control the number of driver circuits that are active within

the output driver, based on loading conditions.

According to a preferred aspect of the present invention,
the first and second pull-up/pull-down driver circuits each
comprise first and second PMOS transistors and first and
second NMOS transistors. In particular, the first and second
NMOS transistors of the first pull-up/pull-down driver cir-
cuit have respective gate electrodes which correspond to the
first data mput and the first control input, respectively, and
the first and second PMOS transistors of the first pull-up/
pull-down driver circuit have respective gate electrodes
which correspond to the second data mput and the second
control 1nput, respectively. Alternatively, the plurality of
pull-up/pull-down driver circuits may each comprise four
MOS transistors of the same type electrically connected 1n
series between first and second supply signal lines (e.g.,

VCC and VSS).

According to another aspect of the present invention, a
pull-up/pull-down driver circuit 1s provided which 1s always
active to provide a baseline level of drive capability. In
particular, a third pull-up/pull-down driver circuit may be
provided which comprises only a single pair of MOS
transistors and has first and second data inputs electrically
coupled to the first and second data inputs of the first
pull-up/pull-down driver circuit, respectively.

In addition, a controller 1s preferably provided which
ogenerates a first pair of complementary control signals on
the first control signal line and the first complementary
control signal line and generates a second pair of comple-
mentary control signals on the second control signal line and
the second complementary control signal line, 1n response to
command signals and an address. If the preferred driver
circuit 1s used 1n an integrated circuit memory device, a
memory array may also be provided which 1s electrically
coupled to a pair of differential data lines and a data buifer
may be provided which has first and second 1nputs electri-
cally coupled to the pair of differential data lines and first
and second outputs electrically coupled to the first and
seccond data inputs of the first pull-up/pull-down driver
circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a system board containing a
memory module array therein, according to the prior art.
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FIG. 2 1s an electrical schematic of an output driver circuit
according to the prior art.

FIG. 3 1s an electrical schematic of another output driver
circuit according to the prior art.

FIG. 4 1s a block diagram of a preferred memory device
according to an embodiment of the present 1nvention.

FIG. 5 1s an electrical schematic of the programmable
output driver of FIG. 4, according to a first embodiment of
the present invention.

FIG. 6 1s an electrical schematic of the programmable
output driver of FIG. 4, according to a second embodiment
of the present 1nvention.

FIG. 7 1s a block diagram of the controller of FIG. 4.

FIG. 8 1s an electrical schematic of an embodiment of the
control signal generator of FIG. 7.

FIG. 9 1s a timing diagram which 1llustrates operation of
the controller of FIG. 7.

DESCRIPTION OF PREFERRED
EMBODIMENTS

The present invention will now be described 1n greater
detail with reference to the accompanying drawings, in
which preferred embodiments of the invention are shown.
This invention may, however, be embodied 1n many different
forms and should not be construed as limited to the embodi-
ments set forth herein; rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the mvention to those
skilled 1 the art. Like numbers refer to like elements
throughout.

Referring now to FIG. 4, a preferred memory device
includes a memory cell array block 401, a data output buifer
403, a programmable output driver 405 (whlch 1s coupled to
an output pad DOUT) and an output driver controller 407.
The data output buffer 403 receives differential output data
from the memory cell array block 401 via complementary
data buses DB and DB, and generates first and second output
signals DOKP and DOKN. The programmable output driver
405 has a driving capability which can be varied 1n response
to a plurality of control signals MRS1/MRS1-MRS4/MRS4
and 1n response to the first and second output signals DOKP
and DOKN. The output driver controller 407 1s also pro-
vided to generate the plurality of control signals MRS1/
MRS1-MRS4/MRS4 1n response to command signals
(CMD) and address signals A1-A4. These command signals
include a row address strobe signal RAS, a column address
strobe signal CAS and a write enable signal WE.

In particular, the driving capability of the preferred output
driver 405 can be programmed when the command signals
RAS, CAS and WE are properly activated, the addresses
Al-A4 are applied and the plurality of control signals
MRS1/MRS1-MRS4/MRS4 are generated. These control
signals are generated at respective complementary levels
based on the values of the addresses A1-A4, as described
more fully hereinbelow with respect to FIGS. 7-8.

Accordingly, when a system board includes a plurality of
modules and each module includes a plurality of semicon-
ductor memory devices, as 1llustrated by FIG. 1, the size of
the output driver for each memory device can be selectively
programmed to account for different loading conditions
assoclated with each device and module. Thus, the skew
between signals generated by memory devices within mod-
ules at different positions within a system board can be
ciiciently reduced.

The structure and operation of preferred programmable
output driver circuits 405 will now be described with
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4

reference to FIGS. 5—6. Referring specifically to FIG. 5, the
programmable output driver circuit 405 according to a first
embodiment includes four output driving units 501, 503, 505
and 507 for driving an output pad DOUT 1n response to first

1 second output signals DOKP and DOKN. Each of the

and
output driving units 501, 503, 505 and 507 1s independently
controlled by corresponding control signals MRS1/

MRS1-MRS4/MRS4. The number of programmable output
driving units can be adjusted depending upon application.
Each of the output driving units 501, 503, 505 and 507
includes: (1) PMOS switch transistors S01a, 503a, 5054 and
507a (each of which has a source to which a power supply
voltage VCC 1s applied and a gate to which a corresponding
inverted control signal, one of MRS1-MRS4, is applied);
(i1) PMOS pull-up transistors 5015, 503b, 5056 and S07H
(each of which has a source connected to a respective drain
of a PMOS switch transistor, a gate to which the first output
signal DOKP 1s applied and a drain connected to the pad
DOUT); (i11) NMOS pull-down transistors 501c, 503c, 505¢
and 507¢ (each of which has a drain connected to the pad
DOUT and a gate to which the second output signal DOKN
is applied); and (iv) NMOS switch transistors 501d, 503d,
5054 and 507d (each of which has a drain connected to
source of a respective NMOS pull-down transistor, a gate to
which a corresponding control signal, one of MRS1-MRS4,
1s applied and a source to which a ground voltage VSS 1is
applied).

Based on this configuration of driving units, the effective
size of the output driver 405 can be controlled by selectively
turning on or off the PMOS switch transistors 501a, 5034,
505a and 507a (which are controlled by the inverted control
signals MRS1-MRS4) and turning on or off the correspond-
ing NMOS switch transistors 501d, 503d, 505d and 507d
controlled by the control signals MRS1-MRS4. For
example, when the control signals MRS1-MRS4 are set to
(1,1,1,1), the PMOS switch transistors 501a, 503a, 505a and
S507a and the NMOS switch transistors 501d, 503d, 5054
and 507d of the output driving units 501, 503, 505 and 507
are all turned on. This means the driving units 501, 503, 505
and 507 all drive the output pad DOUT 1n parallel 1n
response to the first and second output signals DOKP and
DOKN. However, when the control signals MRS1-MRS4
are set to (0,0,0,1), the PMOS switch transistors 501a, 503a
and 505a¢ and the NMOS switch transistors 501d, 5034 and
5054 of the output driving units 501, 503 and 505 are turned
off, and the PMOS switch transistor 5074 and the NMOS
switch transistor 507d of the output driving unit 507 are
turned on. Accordingly, only a single driving unit 507 drives
the output pad DOUT i response to the first and second
output signals DOKP and DOKN. Finally, when the control
signals MRS1-MRS4 are set to (0,0,0,0), no output drive
capability 1s provided.

To address this limitation of the driver of FIG. § when the
control signals MRS1-MRS4 are set to (0,0,0,0), an addi-
tional driving unit can be added which 1s not responsive to
the control signals. In particular, the programmable output
driver circuit 405 of FIG. 6 includes an additional driving
unit 609 which is responsive to the first and second output
signals DOKP and DOKN and provides output drive capa-
bility even if the control signals MRS1-MRS4 are set to
(0,0,0,0).

Referring specifically to FIG. 6, the programmable output
driver circuit 405 according to a second embodiment
includes five output driving units 601, 603, 605, 607 and 609
for driving an output pad DOUT 1n response to first and
second output signals DOKP and DOKN. Each of the output
driving units 601, 603, 605 and 607 1s independently con-
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trolled by corresponding control signals MRS1/
MRS1-MRS4/MRS4. Each of the output driving units 601,

603, 605 and 607 includes: (i) PMOS switch transistors
601a, 603a, 6054 and 607a (each of which has a source to

which a power supply voltage VCC 1s applied and a gate to
which a corresponding inverted control signal, one of
MRS1-MRS4, is applied); (ii)) PMOS pull-up transistors
6015, 603bH, 605b and 607b (ecach of which has a source
connected to a respective drain of a PMOS switch transistor,

a gate to which the first output signal DOKP 1s applied and
a drain connected to the pad DOUT); (111)) NMOS pull-down

transistors 601c, 603c, 605c and 607c¢ (each of which has a
drain connected to the pad DOUT and a gate to which the
second output signal DOKN is applied); and (iv) NMOS
switch transistors 601d, 603d, 6054 and 607d (each of which
has a drain connected to source of a respective NMOS
pull-down transistor, a gate to which a corresponding control
signal, one of MRS1-MRS4, 1s applied and a source to
which a ground voltage VSS is applied). Based on this
configuration of driving units, the effective size of the output

driver 405 can be controlled by selective turning on or off

the PMOS switch transistors 601a, 603a, 6054 and 607a
(which are controlled by the inverted control signals MRS1-
MRS4) and turning on or off the corresponding NMOS
switch transistors 601d, 603d, 605d and 607d controlled by
the control signals MRS1-MRS4. For example, when the
control signals MRS1-MRS4 are set to (1,1,1,1), the PMOS
switch transistors 601a, 603a, 6054 and 6072 and the
NMOS switch transistors 601d, 603d, 605d and 607d of the
output driving units 601, 603, 605 and 607 are all turned on.
This means the driving units 601, 603, 605, 607 and 609 all
drive the output pad DOUT 1n parallel in response to the first
and second output signals DOKP and DOKN. However,
when the control signals MRS1-MRS4 are set to (0,0,0,1),
the PMOS switch transistors 601a, 603a and 6054 and the
NMOS switch transistors 601d, 6034 and 605d of the output
driving units 601, 603 and 605 are turned off, and the PMOS
switch transistor 607a and the NMOS SWltch transistor 607d
of the output driving unit 607 are turned on. Accordingly,
only driving units 607 and 609 drive the output pad DOUT
in response to the first and second output signals DOKP and
DOKN. Alternative embodiments of the above described
driver circuit 405 may also be provided. For example,
NMOS transistors may be substituted for the PMOS tran-
sistors 601b, 603bH, 605, 607b and 609a of FIG. 6. In
addition, if NMOS transistors are substituted for the PMOS
transistors 601a, 6034, 605a and 607a of FIG. 6, the inverted
control signals MRS1-MRS4 need not be generated.

Referring now to FIGS. 7 and 9, the output driver con-
troller 407 of FIG. 4 preferably includes a mode register set
controller 701, a control signal generator 703 and an address
buffer 705. The mode register set controller 701 receives a
clock signal CLK and generates a mode control signal
¢MRS 1 response to command signals. These command
signals 1include a row address strobe signal RAS, a column
address strobe signal CAS and a write enable signal WE.
The mode control signal ¢MRS 1s activated when the
command signals are appropriately activated at the time the
clock signal CLK transitions from 0—1. The control signal
ogenerator 703 generates the control signals MRS1-MRS4
and the 1nverted control signals MRS1-MRS4 1n response to
the mode control signal MRS and buffered address signals
ADDI1-ADD4. As will be understood by those skilled 1n the

art, the address buffer 705 buflers the external addresses
Al1-A4 which are applied.

Referring to FIGS. 8 and 9, the control signal generator
703 of FIG. 7 may include NAND gates 803a—803d and
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inverters 803c—803/, and reproduces each bit of the
addresses ADD1-ADD4 as the control signals

MRS1-MRS4 when the mode control signal ¢MRS 1s

active. Whenever the mode control signal is inactive (i.e., at
a logic 0 potential), the control signals MRS1-MRS4 are set
to logic 0 potentials and the inverted control signals MRS1—

MRS4 are set to logic 1 potentials which turn off the output
driver circuit 405.

In the drawings and specification, there have been dis-
closed typical preferred embodiments of the invention and,
although specific terms are employed, they are used 1n a
generic and descriptive sense only and not for purposes of
limitation, the scope of the mnvention being set forth 1n the
following claims.

What 1s claimed is:
1. A programmable output driver circuit, comprising:

a control signal generator that generates a first control
signal on a first control signal line and a second control

signal on a second control signal line, 1n response to a
mode control signal and an address;

a first pull-up/pull-down driver circuit, said first pull-up/
pull-down driver circuit having a data mput, a control
signal mnput responsive to the first control signal and an
output;

a second pull-up/pull-down driver circuit, said second
pull-up/pull-down driver circuit having a data input
clectrically coupled to the data mput of said first
pull-up/pull-down driver circuit, a control signal input
responsive to the second control signal and an output

clectrically coupled to the output of said first pull-up/
pull-down driver circuit; and

a mode register set controller that generates the mode
control signal 1n response to a plurality of command
signals;

wherein said control signal generator comprises a plural-
ity of devices having first inputs that receive the mode
control signal and second inputs that receive the
address, wherein said control signal generator also
generates complementary versions of the first and sec-
ond control signals; wherein said first pull-up/pull-
down driver circuit 1s responsive to the complementary
version of the first control signal; and wheremn said
second pull-up/pull-down driver circuit 1s responsive to
the complementary version of the second control sig-
nal.

2. The driver circuit of claim 1, wherein the first and
second control signals are disabled when the mode control
signal 1s 1mnactive; and wherein the first and second control
signals match the address when the mode control signal 1s
active.

3. The driver circuit of claim 1, further comprising a third
pull-up/pull-down driver circuit having a data input electri-
cally coupled to the data input of said first pull-up/pull-down
driver circuit.

4. The driver circuit of claim 3, wherein said third
pull-up/pull-down driver circuit 1s not responsive to signals
generated by said control signal generator.

5. The driver circuit of claim 1, wherein the first and
second control signals are disabled when the mode control
signal 1s 1nactive; and wherein the first and second control
signals match the address when the mode control signal 1s
active.
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